Sixty-nine-week-old brown egg layers were either maintained in cages or moved to a litterfloored aviary system. After 10 or 20 d, birds were selected at random from within each environment, and their tibiae removed. After drying, bones were measured and then subject to various physical measurements of strength and elasticity. Bone ash and bone calcium content were also measured. Birds maintained in an aviary initially had stronger bones as measured by force (P < 0.05). After 20 d in an aviary, birds had stronger bones, as assessed by force, than their contemporaries maintained in cages. This same relationship was seen in measures of bone stress (P < 0.05). After 20 d in the aviary system, previously caged birds had bone ash values that were intermediate between birds held only in cages or the aviary (P > 0.05). Bone calcium content was not influenced by the bird's environment. It appears that the skeleton of caged birds can be affected by providing them with an environment that allows opportunity for increased static and dynamic loading of the bones.
INTRODUCTION
There is increasing concern about welfare of laying hens in cages, and one aspect of this topic relates to bone fragility. Several trials have shown that bone strength is better maintained when birds are allowed increased opportunity for either dynamic or static loading during activities such as walking, wing flapping, or perching (Merkely and Wabeck, 1975; Hughes and Appleby, 1989; Knowles and Broom, 1990) . In addition, some research indicates that bone characteristics may be enhanced by such activities. Hughes and Appleby (1989) found a positive relationship between high frequency of perch usage and increased bone strength. Similarly, increased cancellous bone volume in birds housed from 18 to 72 wk of age was observed when the hens had access to perches, with a significant positive correlation between observed time spent perching and cancellous bone volume . These results indicate that there is potential for maintenance of skeletal properties through increased activity of the hen. In a study by Meyer and Sunde (1974) , wing breakage in caged birds was eliminated when the hens were allowed 2 wk access to litter pens immediately prior to slaughter, whereas 25% of control birds suffered damage. No changes were seen in bone characteristics such as strength, percentage ash, or mass. However, conflicting results were reported by Harms and Arafa (1986) in a study of younger hens. Although birds that were moved from floor pens to cages suffered a loss in bone strength, there was no change in the breaking strength from 26 to 32 wk of age in hens that were transferred to floor pens from cages. If the increased opportunity for movement can not only maintain bone mass during the production cycle, but also stimulate increased bone formation and skeletal strength, exposure to an aviary housing facility could be an effective way to reduce fractures during processing.
The purpose of the present study was to determine the impact of the increased activity allowed in an aviary housing system on the characteristics of the tibia in aged hens (69 wk of age). This purpose was achieved by transferring birds that had been maintained in battery cages during their laying cycle to the aviary for either 10 or 20 d. The skeletal characteristics of the transferred birds were compared to control populations of birds that had either been maintained in the aviary or a battery cage system for the duration of their laying cycle.
MATERIALS AND METHODS
Two hundred and forty birds of a brown egg strain birds, 69 wk of age, were used in the experiment. All hens had previously been utilized in a trial comparing the productivity and welfare of hens in two different housing systems. Birds were housed either in laying cages of commercial design, or an aviary system that provided the birds with access to a litter-covered floor area, nesting boxes, and a four-tiered system of perches. For the current trial, 60 actively laying birds were randomly selected from the caged population, crated, and moved to the aviary to determine the changes that occur in the mechanical and histological properties of bone when the hen is exposed to an aviary housing system for a short (either 10 or 20 d) period of time (Treatment AC). To increase the likelihood of selecting birds with active ovaries, only hens with at least a 5-cm spread between the pelvic bones were used in the trial. Birds were leg-banded before being released into the aviary. In addition to the AC group of birds, control populations of 80 birds each were maintained in both the cages (Treatment C) and aviary (Treatment A). The skeletal properties of the control groups were used to make age-matched comparisons to the characteristics of the bones of the AC birds.
To improve the randomization of the selection of the birds that were to remain housed in the aviary throughout the trial, low intensity blue light was used when catching the hens to reduce their ability to see the catchers and flee, and to reduce the possibility of the catchers choosing birds on the basis of appearance. Birds were selected from all regions of the aviary, including perches, floor, and nesting boxes, and all tiers of the battery cages. As with the AC group of birds, only hens with at least a 5-cm spread between pelvic bones were selected for the control populations. All surplus caged and aviary birds not required for the current trial were removed from the housing systems. Because of the number of birds used in the trial, the bird density in the aviary system was much lower than that in the battery cages, and this helped to accentuate the opportunity for the floor birds to exhibit ambulatory, perching, and flying or flapping motions (average of approximately 733 cm 2 per bird in cages, vs 3,578 cm 2 per bird in the aviary). Birds selected for Treatment C were kept in their original groupings within the battery cages to prevent any cannibalism or increased activity that may have been associated with the formation of hierarchies within unfamiliar groups of birds.
All birds were fed a standard layer diet throughout the trial. Both rooms used in the trial were environmentally controlled, and the temperature was maintained at approximately 21 C. The birds were provided with a 14-h constant light photoperiod.
On Day 0 of the experiment, 20 birds were randomly selected from each of the control groups A and C, and were killed by cervical dislocation. The tibiae were removed and prepared for analysis of breaking force, stress, elasticity, estimated cross-sectional area, and percentage of bone ash and calcium. Physical bone characteristics were determined by the three-point bending test commonly used to assess bone strength in poultry (Crenshaw et al., 1981) . The tibia was used in all tests, being dissected from the fresh carcass and placed at 22 C for 7 d to allow for drying. Bones were then frozen at -12 C. After thawing, the outer dimensions of the bone were determined at two points midshaft using vernier calipers, once in the plane perpendicular to the direction of the applied force, and once parallel to the force. The bending test was conducted using an Instron Universal Testing Machine, 2 fitted with a 1 kN load cell. Crosshead movement was at 5 mm/min and paper feed rate at 100 mm/min. Bones were placed dorsal side-up on supports 7 cm apart. Ultimate breaking force and deflection were determined for each tibia. Following bone breakage, wall thickness was determined, again perpendicular and parallel to the applied force. Force, stress, and modulus of elasticity (Table 1) were determined. Bone fragments were fat extracted, ashed at 600 C for 12 h, and then calcium level determined by atomic absorption spectrophotometry (AOAC, 1984) . In addi-TABLE 2. Mechanical properties of the left tibia from hens housed in different production systems a,b Means within columns and days with no common superscript differ significantly (P < 0.05). 1 C = Birds housed in battery cage system, one for four birds per cage. A = Birds housed in an aviary system, with litter floor, perches and nesting boxes. AC = Birds housed in a battery cage system, then moved to the aviary housing unit for the specified period of time. tion, the birds were dissected to examine the ovaries and confirm their laying status. Presence of three or more ova greater than 1 cm in diameter was considered to indicate an actively laying bird. Nonlaying birds were not considered in the evaluation of the data. On Day 10, 20 birds from each of the A and C control groups, and 40 birds from the AC treatment group of birds were randomly selected, and the bones were excised and prepared as previously indicated. The birds were dissected as on Day 0, and in addition to the examination of the ovaries, in the population of birds moved from the cages to the aviary, the contents of the gizzard was also examined to ensure that the treatment birds had located the feeders in the aviary and were consuming feed. Because the stress associated with the new environment and the ability of the birds to find feed could have an impact on the laying status, and ultimately the skeletal properties of the hens, only birds with evidence of feed present in the gizzard and active ovaries were used in the evaluation of bone properties. Forty birds from the AC treatment were selected to ensure that enough birds would be laying and eating to allow for a meaningful statistical evaluation of the results. On Day 20 of the trial, 20 birds in treatment AC and 20 birds per control group were killed and prepared as described at Day 10.
Modulus of

Statistical Analyses
The results from Day 0 were analyzed using a t test to assess the effect of management treatment on response variables relating to the mechanical and structural properties of the tibia. At this time, only two treatments, A and C, were being compared, because at the onset of the trial, Treatment AC = C. Data from time periods 10 and 20 were subjected to a one-way ANOVA using the General Linear Models procedure (SAS Institute, 1991) . If the means of a response variable subjected to the GLM procedure had a significant F test (P < 0.05) then they were separated using the protected least significant difference (LSD) procedure (Cochran and Cox, 1957) .
RESULTS AND DISCUSSION
At the onset of trial, when the bones of birds in the aviary were compared to those of the battery caged birds, they were significantly stronger in terms of breaking force, and greater in terms of stress or force per unit area (P < 0.05, Table 2 ). The increased breaking force can be attributed to both a significantly greater cross-sectional area, as well as increased strength of the actual bone tissue. The ash and elasticity values for bones from the two treatments were not significantly different ( Table 3 ), indicating that the flexibility of the bones was equivalent. These relationships between the properties of the A and C treatments remained consistent for most response variables throughout the time periods considered in the experiment, with the exception of a significantly reduced value for percentage of bone ash in Treatment C after 20 d. The reason for this decline is unknown. The percentage of bone calcium was not different for either treatment group, and did not differ for any of the treatments tested at any time for the duration of the trial. This result indicates that the composition of the bone ash is fairly consistent with respect to this major constituent of the skeleton, and, therefore, observed changes or variation in the response variables are likely due to differing amounts of collagen relative to hydroxyapatite and not to alterations in the mineral composition of the skeletal tissue.
Following 10 d of exposure to the aviary environment, the AC birds showed no increase in the ultimate breaking force of the tibia; however, significant differences in the percentage of bone ash indicate that changes in the structure of the bone were likely already occurring. The value is significantly lower than for either the C or A treatment. This reduction in the percentage of bone ash may be indicative of the TABLE 3. Estimated cross-sectional area and composition of the tibia of birds housed in different production systems a,b Means within columns and days with no common superscript differ significantly (P < 0.05). 1 C = Birds housed in battery cage system, two to four birds per cage. A = Birds housed in an aviary system, with litter floor, perches and nesting boxes. AC = Birds housed in a battery cage system, then moved to the aviary housing unit for the specified period of time. formation of increased quantities of osteoid tissue that would later become mineralized with hydroxyapatite to form new skeletal tissue. The osteoid tissue would be organic in composition, and, therefore, the ash value would be lower in bones containing greater amounts of this material. The bones of the AC birds were significantly stronger than for those birds remaining in the cages after only 20 d of housing in the aviary. This increase in breaking strength is due to increased size, as indicated by a significant change in the estimated crosssectional area of the bone, as well as increased strength of the bone material, as indicated by significantly greater stress values. The percentage of bone ash and elasticity in the transferred birds were intermediate to those of birds on Treatments C and A. Conflicting results have been reported in several trials focusing on the ability of exercise to improve bone characteristics in birds. Some of the variation may be attributed to the different forms of movement or intensity of exercise induced by the increased activity protocol (Lanyon et al., 1986) . Forcing the bird to exercise may not strengthen bones to the same degree as exposure to an aviary system (Meyer and Sunde, 1974) . Forced exercise may maintain cortical bone area and stimulate endosteal bone redistribution; however, agerelated bone mechanical properties do not appear to be affected (Loitz and Zernicke, 1992) . Patterson et al. (1986) harnessed birds with additional weight to increase the loading of the skeleton, but found no consistent effect on the mechanical properties of the skeleton. Because activity was voluntary in their trial, it is possible that the loaded birds were not active enough to stimulate changes in bone characteristics. Harner and Wilson (1985) reported changes in bone cross-sectional shape in response to changes in battery cage profile, in which greater cage height improved the shear strength of the humerus. However, no change was observed in the bone stress. This result agrees partly with those of the current study, as changes in the cross-sectional area of the bone were observed. Because the normal functional loading that would occur in an aviary is distributed throughout much of the photoperiod, it is probably more effective in maintaining bone mass compared with the single loading period as tested in some experiments (Lanyon et al., 1986) .
Perching behavior may be particularly effective in inducing bone formation, because the activity combines both mechanical loading, as the bird mounts and dismounts the perch, and static loading, required to maintain the muscular contractions needed to balance on the perch for extended periods (Hughes and Appleby, 1989) . Cancellous bone loss in laying hens may be reduced by the provision of perches in battery cages; however, it is unclear whether the relatively minor differences that are observed would have an effect on the number of bone fractures suffered at processing (Wilson and Hughes, 1993) . The design of the aviary in the current trial required the birds to perch while eating, and so all birds included in the current study would be forced to exhibit this potentially beneficial behavior several times each day.
Because level of egg production has been shown to influence bone strength , it is possible that this may have played a role in the improvement of the response variables in the AC birds. Although an attempt was made to standardize birds for production level by examining the ovaries, it is difficult to maintain individual bird records for group-housed hens. It is likely that the stress associated with moving a bird to the aviary may have caused a brief pause in the production of eggs, with normal ovulation rate resuming before the selection and testing of the hens' tibiae. This pause, accompanied by normal levels of calcium intake, may have potentially affected bone characteristics. Egg production level alone is not likely to be responsible for the observed differences in A vs C birds.
In a study by Rowland et al. (1968) , roosters maintained in floor pens had significantly greater breaking strength than those given similar diets and maintained in cages. This effect indicates that the bone fragility problem is not related solely to calcium depletion from eggshell formation. Similarly, Wilson et al. (1992) reported greater cancellous bone volume in 60-wk-old male birds raised in floor pens vs those maintained in cages, attributed to the decreased usage and loading of the bones in the caged group.
Altered composition of the diet via ingested eggshell or other components of the bedding or excreta cannot be entirely excluded as a confounding factor in the observed changes in bone characteristics of C vs AC hens. However, research has shown that any additional dietary calcium, which may have been contributed to the intake of the AC birds via the ingestion of eggshells, will not improve bone strength (Wilson, 1991) . Similarly, in a trial conducted by Rowland and Harms (1970) , the addition of 10% of aviary excreta to the ration of caged birds to simulate coprophagy that could potentially occur in floor pens, did not significantly influence bone strength, tibia ash percentage, or body weight of hens maintained in cages.
It appears that skeletal characteristics of caged hens can be influenced by providing the birds with more opportunities for static and dynamic loading of the bones. This effect can be achieved by transferring the birds to an aviary housing facility for a relatively brief period of time, although this solution has obvious practical limitations.
